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Figure 1. Patient disposition. Others and unknown 340 (40.0)
Metastasis in primary No 286 (35.9)
pancreatic cancer (n = 796) Yes 499 (62.7)
Unknown 11(1.4)
Table 1. Demographic and disease characteristics of patients Primary chemotherapy No 788 (92.2)
. Yes 67 (7.8)
Characteristics n (%)
Concomitant medication No (monotherapy) 679 (79.4)
(anti-tumor drug)
Number of patients All 855 (100.0) Yes 176 (20.6)
Gender Male 526 (61.5) Serum CA19-9 lgvelg (U/ml)  0< to <37 164 (26.6)
before first gemcitabine 37< to <100 66 (10.7)
Female 329 (38.5) treatment (n = 617) = :
Age <40 12 (1.4) 100< to <1000 174 (28.2)
40—49 46 (5.4) 1000< to <10000 134 (21.7)
5059 203 (23.8) 10000< 79 (12.8)
60-69 338 (39:3) “Multiple answers allowed.
70-79 235 (27.5) ®Including one rectal cancer, two biliary carcinoma and one
cholangiocellular carcinoma.
80< 21.@2.3) “Excluded four cases which had other cancer than PC.
Stage of disease in patients I 4 (0.5)
for primary pancreatic cancer
(n = 796) i 18 (2.3)
1l 44 (5.5) STATISTICS
IVa 222 (279 . .
@7.9) The percentage of patients who experienced ADRs was
Vb 496 (62.3) calculated.
Unknown 12 (1.5) The effectiveness analysis excluded the collected CRF of
Performance status (PS) 0 302 (35.3) patients who were administered gemcitabine as a treatment
1 343 (40.1) for non-pancreatic cancers. Tumor response rate and disease
5 101 (11.8) control rate were evaluated based on all tumor response
reported from attending physicians regardless of their day of
3 33 (3.9) ) .. .
assessment. Regarding DRSI, ‘improvement’ is defined as
4 60.7) patients having at least one improvement with no aggravation
Unknown 70 (8.2) in three symptoms (strength of pain, usage of analgesics and
Comorbidity No 338 (39.5) PS) and 7% weight gain. Time to treatment failure (TTF)
Yes 517 (60.5) was calculated for the days from the first administration to
Hepatic function disorder® 210 (40.6)  the 9th or last administration.
Renal function disorder® 17 (3.3)
Blood disorder® 94 (18.2
(82 RESULTS
Others® 402 (77.8)
Reason for gemcitabine Primary pancreatic cancer 796 (93.1) A total of 890 pat{ents were regl.St.ered by physmans fmd the
usage Recurrent pancreatic cancer 55 (6.4) CRFs of 873 patients were utilized for this surveillance
X ’ (Fig. 1). Eighteen of the 873 patients were excluded, 855
Others 405 patients from 125 institutions were evaluable for the safety
Continued  analysis of gemcitabine. The types of PC and disease stages
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Table 2. Dose administration for evaluable patients

Table 3. Drug-related adverse events (incidence >1%)

Items Results (n = 855) Parameter All, n (%) Serious, n (%)
Dosage (times) Evaluable patients 855 (100.0) 855 (100.0)
Median 9 Patients with drug-related adverse events 444 (51.9) 98 (11.5)
Range 1-9 Hematological toxicities
TTF? (days) Leukopenia 187 (21.9) 25(2.9)
Median 73 Thrombocytopenia 119 (13.9) 192.2)
Range 1-295 Neutropenia 52 (6.1) 6 (0.7)
Mean dosage (mg/m?) Hemoglobin decreased 39 (4.6) 4(0.5)
Median 909.1 Anemia 38 (4.4) 2(0.2)
Range 10.0—1159.4 Bone-marrow failure 36 (4.2) 8(0.9)
Total dosage (mg/m?) Red-blood-cell count decreased 16 (1.9) 0 (0.0
Median 5960.3 Hematocrit decreased 11 (1.3) 0 (0.0
Range 90.0—104 34.8 Non-hematological toxicities
Nausea 63 (7.4) 11 (1.3)
2Time to treatment failure. Fever 40 (4.7) 7(08)
Anorexia 40 (4.7) 7 (0.8)
were classified according to the sixth edition of General Vomiting 28(3.3) 5(0.6)
Rules for the Study of Pancreatic Cancer by Japan Pancreas Rash 2732 2(02)
Society. Malaise 21 (2.5) 5(0.6)
Table 1 shows the characteristics of the 855 patients Hepatic dysfunction 20 (2.3) 3 (0.4)
included in the safety analysis. Overall, patients were pre- Diarrhea 14(1.6) 101
dominantly male (61.5%), ranging from 60 to 69 years of o
age (39.5%) and primarily in Stage IV (90.2%). About 75% | Pic disorder Ha 000
of the patients had an ECOG PS of 0-1 and 11.8% had a PS Constipation 10(1.2) 0(0.0)
of 2, suggesting that gemcitabine was mainly prescribed to Rash, pruritic 9(1.1) 0(0.0)

favorable PS patients. For a majority of patients, gemcitabine
was used as a first-line therapy, and tubular adenocarcinoma
was the most common histology (48.3%). Of the 617
patients evaluated for serum CA19-9 levels for 14 days up to
the first treatment, 174 of those (28.2%) were at the 100
1000 U/ml level and 134 (21.7%) at the 1000—10 000 U/ml
level.

As shown in Table 2, 855 patients received gemcitabine a
maximum of nine times over a median TTF of 73 days
(range: 1—295 days). More than half of the patients received
the full three cycles of gemcitabine. The median dose of
gemcitabine per treatment was 909.1 mg/m? (range: 10.0—
1159.4 mg/m?) and the median amount of gemcitabine admi-
nistered per patient was 5960.3 mg/m*® (range: 90.0—
104 34.8 mg/m?).

In Table 3, ADRs with an incidence of >1% are summar-
ized. Out of the total 855 evaluable patients, 444 patients
(51.9%) experienced ADRs including 98 patients (11.5%)
who experienced serious ADRs. Leukopenia and thrombo-
cytopenia were the notable hematological toxicities and
changes in the non-hematological parameters were rather in-
significant. The maximum frequency of serious ADRs was
2.9% for leukopenia. Nausea and thrombocytopenia were
also listed as ADRs with >1% incidence. Table 4 indicates
the background information and outcome of ILD cases,

which were reported from this study. All cases were over 60
years old. Sex, treatment line and tumor stage were reflected
in the patient characteristics, and there was no correlation
between treatment cycles, dosage or timing of ILD occur-
rence. Five of the six ILD cases recovered by using correct
treatment, including steroid. There was one fatal case of a 69
years old male in poor performance status with stage IVa
disease.

Table 5 showed the additional sub-group safety analysis.
We examined the association between ADRs and patients
characteristics, PS and age. The incidence of ADRs in PS
>1 and PS 0 patients were 55.1 and 48.7%, respectively.
The incidence of ADRs in patients <75 years old and >75
years old patients were 40.7 and 38.4%, respectively.

The tumor response of gemcitabine treatment was ana-
lyzed in 600 patients, taking complete response (CR), partial
response (PR), minor response (MR), no change (NC) and
progressive disease (PD) into consideration (Table 6).
Although the overall response rate (CR+PR) was 6.0%, the
disease control rate (CR + PR + MR + NC) was 54.0%. In
order to evaluate the control of cancer-related symptoms,
DRSI was also measured, as shown in Fig. 2. The number of
patients responding was 185 (27.0%). Among four symptoms
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Table 4. Background information and outcome of ILD cases in the study®

No. Sex Age Line Smoking history Stage PS (pre- Gemcitabine treatment Seriousness Days from Days from Outcome  Days from

treatment) first dose  last dose onset to

to onset to onset outcome
1 Male 68 Second Unknown IVvb 1 1000 mg/m® x 6 times ~ No 54 12 Recovering 15
2  Male 79  First — IVb  Unknown 1400 mg/body x 6 times Yes 52 11 Recovered 10
3 Female 78  First No IVb  Unknown 1200 mg/body x 9 times Yes 91 17 Recovering 9
4 Male 69  First No Iva 3 1000 mg/m? x 9 times Yes 80 11 Death 34
5 Female 60  First - IVb 0 1400 mg/body x 1 time  Yes 25 25 Recovering 42
6 Male 68  First Yes IVb 2 1100 mg/body x 9 times  Yes 91 21 Recovering 104
+ 800 mg/m* x 1 time®
—, no data.
“Based on data reported by investigators.
®One dose was reported as post-treatment therapy.
Table 5. Sub-group safety analysis about the association between PS and age
Parameter ps* Age
PSO >PS1 <75 years >175 years

All, n (%) Serious, n (%) All, n (%) Serious, n (%) All, n (%) Serious, n (%) All, n (%) Serious, n (%)

Evaluable patients 302 483 756 99
Patients with drug-related adverse events 147 (48.7) 19 (6.3) 266 (55.1) 67 (13.9) 308 (40.7) 85(11.2) 38(384) 13(13.1)
Hematological toxicities
Leukopenia 60 (19.9) 6.0 117 (24.2) 16 (3.3) 164 (21.7) 21 (2.8) 23(232) 440
Thrombocytopenia 30 9.9) 0 (0.0) 86 (17.8) 17 (3.5) 107 (14.2) 18(2.4) 12 (12.1) 1 (1.0)
Neutropenia 23 (7.6) 1(0.3) 28 (5.8) 5(1.0) 47 (6.2) 6 (0.8) 5@6.1) 0(0.0)
Hemoglobin decreased 11 (3.6) 1(0.3) 28 (5.8) 3 (0.6) 36 (4.8) 3(04) 3(3.0 1 (1.0)
Non-hematological toxicities
Nausea 13 (4.3) 4(1.3) 46 (9.5) 6(1.2) 62(82) 11(1.5) 1(1.0) 0 (0.0)
Fever 18 (6.0) 4(1.3) 20 (4.1) 3 (0.6) 36 (4.8) 5(0.7) 3(3.0) 2 (2.0)
Anorexia 8 (2.6) 1(0.3) 30 (6.2) 6 (1.2) 35 (4.6) 6 (0.8) 5(5.1) 1 (1.0)
Vomiting 6 (2.0) 2(0.7) 19 (3.9) 3(0.6) 27 (3.6) 4 (0.5) 1 (1.0) 1(1.0)
Hepatic dysfunction 3 (1.0) 0(0.0) 7(1.4) 0 (0.0 8 (1.1) 0(0.0) 3(3.0) 0 (0.0)

#Seventy PS unknown cases were not included.

investigated, relief of pain was achieved most effectively,
and even 4 weeks after the last administration, improvement
of symptoms in response to gemcitabine therapy was
observed in 19.6% of the patients.

Table 7 shows the changes in serum CA19-9 levels, re-
vealing a decrease in 213 of the 335 patients (63.6%).
CA19-9 decreased by >75% in 19.4% of the total group.
According to additional analysis regarding the association
between CA19-9 and tumor response, the overall response
rate and disease control rate of patients whose CA19-9 had a
>75% decrease were 21.5% (14/65) and 81.5% (53/65),

respectively. The overall response rate and disease control
rate of those whose CA19-9 levels had >50 to <75% de-
crease were 12.5% (6/48) and 60.4% (29/48), respectively.

DISCUSSION

This study is the first large-scale observational study to elu-
cidate the safety profile of gemcitabine for Japanese PC
patients. The results of this study indicated that the safety
profiles of Japanese patients were consistent with the safety

$10T ‘8] YOTRA U0 AJISISATU() UHIOAY 8 /B10"sjeumolproyxo-oofl/:dyy woxy papeojumocy



144

profiles in previous reports of non-Japanese clinical studies
(1). Incidence of serious bone-marrow suppression was
<5% and gemcitabine appeared to be acceptable as a che-
motherapeutic agent. Previous studies of anti-cancer drugs
have indicated that drug-induced ILD is more commonly
observed in Japan (5). The incidence of ILD associated with
gemcitabine was 1.7% (36 patients in total out of 2110 en-
rollment) when investigated in non-small cell lung cancer
patients in a Japanese post-marketing study (6). In this
survey, ADRs occurred in 51.9% of the patients which was
lower than that observed in the Japanese Phase I study (2).
Because the study is post-marketing study as a non-

Table 6. Anti-tumor effects of gemcitabine for pancreatic cancer patients in
post-marketing surveillance

Parameter Number of patients (%)

Analyzed patients 600 (100.0)
CR 6 (1.0)
PR 30 (5.0)
MR 14 (2.3)
NC 274 (45.7)
PD 276 (46.0)
NE 251

ORR (CR + PR) 36 (6.0)
DCR (CR + PR 4+ MR + NC) 324 (54.0)

CR, complete response; PR, partial response; MR, minor response; NC, no
change; PD, progressive disease; NE, not evaluable; ORR, overall response
rate; DCR, disease-control rate.
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interventional study, physical and laboratory examinations
could not be stipulated but were just executed in clinical
practice. And in this study, the data from laboratory exami-
nations were not indispensable reporting items. In addition,
the AEs in this large-scale study were evaluated by each
attending physician. Thus, most commonplace AEs were not
considered as significant to be recorded. The patients in clin-
ical practice are less often and less intensively examined
than ones in interventional clinical trials. That is why it
should be noted that the study has a limitation when com-
pared with other interventional clinical studies given differ-
ence in nature of studies.

According to additional analysis of the association
between tumor response and CA19-9, tumor shrinkage was
seen mainly in the patients whose CA19-9 level had
decreased by more than 50%. This shows that there were
more tumor controlled (CR, PR, MR or NC) patients whose
CA19-9 level was >75% decrease rather than <50 to
>75% decrease. Also, 21.3% of patients whose CA19-9
levels increased were observed to have tumor disease control
(CR, PR, MR or NC). We experienced one 63 years old
male patient whose CA19-9 level increased but showed
tumor shrinkage. His CA19-9 level decreased after the end
of his observational period. Therefore, we think that it is pre-
ferred to select the treatment option in reference to not only
tumor marker evaluation but also tumor shrinkage in radio-
graphic findings.

More than half of the patients successfully received gem-
citabine treatment over nine times. Hence, gemcitabine
appeared to be well tolerated by patients treated in daily clin-
ical practice in Japan. An improvement in cancer-related
symptoms after gemcitabine treatment was also observed. Its
safety profile and tolerability was demonstrated in this study.
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Figure 2. Disease-related symptom improvement in response to gemcitabine therapy. Total responders were 185/686 patients (27.0%): *4 weeks after the last

administration.



Table 7. Change in serum CA19-9 levels in tumor response to gemcitabine
therapy

Change in serum Number of  ORR? (%) DCR® (%)
CA19-9 patients (%)

Evaluable patients 335 (100.0)

Decreased (total) 213 (63.6) 21213 (9.9)  121/213 (56.8)

>75% decreased 65 (19.4) 14/65 (21.5) 53/65 (81.5)
>50 to <75% decreased 48 (14.3) 6/48 (12.5) 29/48 (60.4)
>25 to <50% decreased 53 (15.8) 1/53 (1.9) 25/53 (47.2)
0—25% decreased 47 (14.0) 0/47 (0.0) 14/47 (29.8)
Increased (total) 122 (36.4) 1/122 (0.8) 26/122 (21.3)

%(CR + PR)/(CR + PR + MR + NC + PD).
B(CR + PR + MR + NC)Y(CR + PR + MR -+ NC + PD).

In addition, its anti-tumor effects reinforce why gemcitabine
treatment is currently considered to be one of the standards
for advanced PC patients worldwide. In Japan, the effect of
gemcitabine is demonstrated by a summary of the national
PC registry in Japan, which indicated that the survival of PC
patients has increased significantly since 2001; the authors
of the study ascribe this improvement to the use of gemcita-
bine (7).

The 1-year survival rate of advanced PC patients treated
with gemcitabine monotherapy is 18% (1) and there are
many attempts to enhance the advanced pancreatic patient
outcome by gemcitabine.

Given its mode of action (8), gemcitabine with a fixed-
dosage rate, which may maximize the active intracellular
form of gemcitabine, was examined in a large phase IiI
study but failed to overcome standard regimen (9).
Furthermore, a number of large phase III studies revealed
gemcitabine monotherapy as the standard treatment for
advanced PC (10). Some combination regimens with or
without gemcitabine have shown promising survival benefits,
including gemcitibine with erlotinib (11) and folfirinox (12).
Considering vulnerability to toxic agents and poor PS of
advanced PC patients in general, gemcitabine monotherapy
remains a mainstay in clinical practice for treatment of
advanced PC because of its good balance between efficacy
and safety. With that in mind, a gemcitabine-based combin-
ation therapy, maintaining a good balance between efficacy
and safety, can be anticipated.

In conclusion, this study with over 800 patients revealed
that gemcitabine is well tolerated in Japanese PC patients.
The study suggests clinical effectiveness in DRSI of gemci-
tabine even though there were some limitations due to the
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purpose and the framework of the study as a non-
interventional study.
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Abstract

Purpose There is no standard regimen for gemcitabine
(Gem)-refractory pancreatic cancer (PC) patients. In a
previous phase II trial, S-1 was found to exhibit marginal
efficacy. Gem administration by fixed dose rate infusion of
10 mg/m*/min (FDR-Gem) should maximize the rate of
intracellular accumulation of gemcitabine triphosphate and
might improve clinical efficacy. We conducted the phase
I/IT of FDR-Gem and S-1 (FGS) in patients with Gem-
refractory PC.

Methods The patients received FDR-Gem on day 1 and
S-1 orally twice daily on days 1-7. Cycles were repeated
every 14 days. Patients were scheduled to receive Gem
(mg/m*/week) and S-1 (mg/m?*/day) at four dose levels in
the phase I: 800/80 (level 1), 1,000/80 (level 2), 1,200/80

The registration number of this clinical trial is UMIN ID,
C000000450.
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(level 3) and 1,200/100 (level 4). Forty patients were
enrolled in the phase II study at recommended dose.
Results The recommended dose was the level 3. In the
phase II, a partial response has been confirmed in seven
patients (18%). The median overall survival time and
median progression-free survival time are 7.0 and
2.8 months, respectively. The common adverse reactions
were anorexia, leukocytopenia and neutropenia.
Conclusion This combination regimen of FGS is active
and well tolerated in patients with Gem-refractory PC.

Keywords Chemotherapy - Pancreatic carcinoma -
Second-line - Gemcitabine - S-1 - Salvage - Fixed dose rate
infusion

Introduction

Gemcitabine monotherapy or gemcitabine-containing
combination chemotherapy is the standard first-line therapy
for advanced pancreatic cancer. In the recent phase III
study, the first-line FOLFIRINOX regimen (5-fluorouracil,
leucovorin, irinotecan and oxaliplatin) led to a median
survival of 11.1 months compared with 6.8 months in the
gemcitabine group [4]. However, the FOLFIRINOX regi-
men was quite toxic (e.g., 5.4% of patients had grade 3 or 4
febrile neutropenia), and a survival benefit was shown only
among a highly select population with a good performance
status, an age of 75 years or younger, and normal or nearly
normal bilirubin levels [13]. Therefore, this combination
therapy was considered to be one of the treatment options
for patients in good general condition, and gemcitabine
remains the mainstay of care for patients with advanced
pancreatic cancer. However, after disease progression
during first-line gemcitabine-containing chemotherapy, the
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options for further anticancer treatment are limited. S-1 is
an orally administered anticancer drug that consists of a
combination of tegafur, 5-chloro-2,4-dihydroxypyridine
and oteracil potassium in a 1 : 0.4 : 1 molar ratio [27]. The
antitumor effect of S-1 has already been demonstrated in a
variety of solid tumors including pancreatic cancer [7, 11,
12, 14,20, 21, 25, 26, 32, 33]. In patients with chemo-naive
pancreatic cancer, an overall response rate of 21.1% was
achieved, and the median time-to-progression and median
overall survival period were 3.7 and 8.3 months, respec-
tively [32]. In gemcitabine-refractory metastatic pancreatic
cancer, our recent phase II study of S-1 yielded results that
demonstrated marginal activity including a response rate
of 15%, a median progression-free survival time of
2.0 months and a median overall survival time of
4.5 months, with a favorable toxicity profile [I7]. In
addition, other reports also demonstrated marginal antitu-
mor activity [1, 28]. Gemcitabine administration via infu-
sion at a fixed dose rate of 10 mg/m*/min (FDR-Gem) has
been found to increase the intracellular drug concentra-
tions, compared with gemcitabine at a standard dose rate
infusion over a period of 30 min. A recent phase II study
of combination therapy consisting of FDR-Gem and
oxaliplatin (GEMOX) yielded results that demonstrated
activity in gemcitabine-refractory advanced pancreatic
cancer [5], although oxaliplatin is inactive against pan-
creatic cancer when used as a single agent [6]. The
increased intracellular concentrations of gemcitabine as a
result of FDR infusion and/or the synergistic effect of
gemcitabine and oxaliplatin may play an important role in
the antitumor effect of GEMOX. This finding is of
interest when considering the effect of combination
therapy consisting of FDR-Gem and some other agent that
exhibits a synergistic effect with gemcitabine in patients
with metastatic pancreatic cancer who failed standard
dose rate gemcitabine.

The inhibition of ribonucleotide reductase by gemcita-
bine is considered to enhance the effect of the 5-FU
metabolite 5-FAUMP by reducing the concentration of its
physiological competitor [10]. Preclinical studies have
demonstrated a synergy between gemcitabine and 5-FU in
tumor cell lines, including pancreatic cancer cells [3, 23].
S-1 is a fluoropyrimidine, and several phase II studies of
S-1 and gemcitabine combination therapy have yielded
results that demonstrated a promising activity in chemo-
naive advanced pancreatic cancer patients, including a
response rate of 32—48% and a median survival times of
7.89-12.5 months [16, 18, 19, 31].

Therefore, we conducted the present phase I/II study to
determine the recommended doses of FDR-Gem and S-1
(FGS) to use for combination therapy and to evaluate the
toxicity and efficacy at the recommended doses in patients
with gemcitabine-refractory pancreatic cancer.

@ Springer

Materials and methods
Eligibility criteria

The eligibility criteria were histologically proven pancreatic
adenocarcinoma with measurable metastatic lesions, disease
progression during gemcitabine-based first-line chemother-
apy, age 20 years or over, ECOG performance status of 0-2
points, more than 2-week interval between the final dose of
the prior chemotherapy regimen and study entry, adequate
bone marrow function (leukocyte count > 3,500/mm?>,
neutrophil count > 1,500/mm>, platelet count > 100,000/
mm?®, hemoglobin - concentration > 9.0 g/dL), adequate
renal function (serum creatinine level < 1.1 mg/dL) and
adequate  liver function (serum total bilirubin
level < 2.0 mg/dL, transaminase levels < 100 U/L).
Patients with obstructive jaundice or liver metastasis were
considered eligible if their total bilirubin level < 3.0 mg/dL
and transaminase levels could be reduced to 150 U/L by
biliary drainage. The exclusion criteria were regular use of
phenytoin, warfarin or flucytosine, history of fluorinated
pyrimidine use, severe mental disorder, active infection,
ileus, watery diarrhea, interstitial pneumonitis or pulmonary
fibrosis, refractory diabetes mellitus, heart failure, renal
failure, active gastric or duodenal ulcer, massive pleural or
abdominal effusion, brain metastasis, and active concomi-
tant malignancy. Pregnant or lactating women were also
excluded. Written informed consent was obtained from all
patients. This study was approved by the institutional review
board of the National Cancer Center of Japan.

Treatment

Considering the patients’ quality of life, we adopted
biweekly schedule. Gemcitabine (Eli Lilly Japan K.K.,
Kobe, Japan) was administered by FDR intravenous infu-
sion of 10 mg/m*min on day 1. S-1 (Taiho Pharmaceutical
Co., Ltd., Tokyo, Japan) was administered orally twice
daily on day 1 to day 7, followed by a 1-week rest.
Treatment cycles were repeated every 2 weeks until dis-
ease progression or unacceptable toxicity occurred. If
blood examination revealed leukocytopenia < 2,000/mm?>,
thrombocytopenia < 75,000/mm3, total bilirubin >
3.0 mg/dL, aspartate aminotransferase or alanine amino-
transferase level > 150 U/L, or creatinine > 1.5 mg/dL,
both gemcitabine and S-1 were withheld until recovery. If a
patient experienced dose-limiting toxicity (DLT), the dose
of gemcitabine and S-1 was reduced by one level in the
subsequent cycle. If a rest period of more than 15 days was
required because of toxicity, the patient was withdrawn
from the study. Patients were scheduled to receive gem-
citabine and S-1 at four dosage levels (Table 1). Two
dosage levels of S-1 were established according to the body
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Table 1 Dosage levels of gemcitabine and S-1

Dosage level Gemcitabine S-1

Level 0 600 mg/m*/60 min Dosage A
Level 1* 800 mg/m*/80 min Dosage A
Level 2 1,000 mg/m%/100 min Dosage A
Level 3 1,200 mg/m*/120 min Dosage A
Level 4 1,200 mg/m*/120 min Dosage B

? Starting dosage

surface area as dosage A, about 80 mg/m*/day, and dosage
B, about 100 mg/m?/day (Table 2). At the first dose level
(level 1), gemcitabine was administered at a dosage of
800 mg/m? administered as a 80-min infusion, and S-1 was
administered at dosage A. At the next dose level (level 2),
the gemcitabine dosage was increased to 1,000 mg/m2
administered as a 100-min infusion, and S-1 was admin-
istered at the same dosage. At the next dose level (level 3),
the gemcitabine dosage was increased to 1,200 mg/m>
administered as a 120-min infusion, and S-1 was admin-
istered at the same dosage. At the final dosage level (level
4), gemcitabine administered at the same dosage, and S-1
was administered at dosage B.

Study design

This study was an open-label, four-center, single-arm phase
I/II study performed in two steps. The objective of step 1
(phase I) was to evaluate the frequency of DLT during first 2
cycles (4 weeks) and then use the frequency of DLT to
determine which of the four dosages tested to recommend
(Table 1). At least 3 patients were enrolled at each dosage
level. If DLT was observed in the initial three patients, up to
three additional patients were entered at the same dosage
level. The highest dosage level that did not cause DLT in 3
of the 3 or >3 of the 6 patients treated at that level during
the first two cycles of treatment was considered the maxi-
mum-tolerated dosage (MTD). DLT was defined as (1)
grade 4 leucopenia or grade 4 neutropenia or febrile
neutropenia, (2) grade 4 thrombocytopenia or thrombocy-
topenia requiring transfusion, (3) grade 3 or 4 non-hema-
tological toxicity excluding hyperglycemia and electrolyte
disturbances, (4) serum transaminases levels, y-glutamyl

Table 2 Dosage of S-1 (tegafur equivalent)

Body surface Dosage A Dosage B

area (mz) (=80 mg/mz/day) (=100 mg/mz/day)
<1.25 40 mg x 2/day 50 mg x 2/day
1.25-<1.5 50 mg x 2/day 60 mg x 2/day
>1.5 60 mg x 2/day 75 mg x 2/day

transpeptidase level and alkaline phosphatase level >10
times UNL, (5) serum creatinine level > 2.0 mg/dL and (6)
any toxicity that necessitated a treatment delay of more than
15 days. Toxicity was graded according to the Common
Terminology Criteria for Adverse Events (CTCAE) version
3.0. In step 2, the recommended dosages (RD) of FGS were
then administered, and the effect of this combination ther-
apy on objective tumor response was evaluated in patients
who were given the RD (phase II). The number of patients
to be enrolled in phase II was determined by using a
SWOG’s standard design (attained design) [8, 9]. The phase
IT included the patients who received the RD in the step 1.
The null hypothesis was that the overall response rate would
be <5%, and the alternative hypothesis was that the over-
all response rate would be >20%. The « error was 5%
(one-tailed), and the f error was 10% (one-tailed). The
alternative hypothesis was established based on the pref-
erable data in previous reports [3, 15, 24, 30, 34]. Interim
analysis was planned when 20 patients were enrolled. If
none of the first 20 patients had a partial response or com-
plete response, the study was to be ended. If a response was
detected in any of the first 20 patients, an additional 20
patients were to be included in a second stage of accrual to
more precisely estimate the actual response rate. If the
number of objective responses after completing the trial was
5 or more among the 40 patients, then we would reject the
null hypothesis and conclude that FGS was effective, and
we would proceed to the next large-scale study. The
severity of adverse events and progression-free survival and
overall survival were investigated as secondary objectives
in phase II.

Results
Patient characteristics

Between June 2006 and March 2009, 49 patients were
enrolled in this study. Fifteen patients (level 1: 3 patients,
level 2: 3 patients, level 3: 6 patients, level 4: 3 patients)
were enrolled into the phase I (STEP 1), and an additional
34 patients were enrolled into the phase II (STEP2) at dose
level 3. Table 3 shows the baseline characteristics of the
patients in step 1 and step 2. A total of the 40 patients who
were given the recommended dose, 6 patients and 34
patients who entered into the study at phase I and phase II,
respectively, were evaluated for efficacy and detailed
safety profile.

Phase I (STEP 1)

No DLT occurred during the first 2 cycles (4 weeks) at
level 1 or level 2. At dose level 3, three patients were
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Table 3 Patient characteristics

Characteristic Step 1 Step 2 Total at the recommended
dose (level 3)
Level | Level 2 Level 3 Level 4 Level 3
No. of patients 3 3 6 3 34 40
Age, years
Median 66 58 64 62 63.5 64
Range 55-69 51-58 48-71 52-70 40-80 40-80
Sex, n (%)
Male 1(33) 3 (100) 4 (67) 1 (33) 19 (56) 23 (58)
Female 2 (67) 0 2(33) 2 (67) 15 (44) 17 (48)
ECOG performance status, n (%)
0 2 (67) 2 (67) 5(83) 2 (67) 22 (65) 27 (68)
1 1(33) 1 (33) 1(17) 1(33) 12 (35) 13 (33)
Primary tumor, n (%)
Head 1(33) 2 (67) 2 (33) 2 (67) 17 (50) 19 (48)
Body/tail 2 (67) 1(33) 4.(67) 1(33) 17 (50) 21 (53)
Metastatic site, n (%)
Liver 3 (100) 3 (100) 6 (100) 1(33) 25 (74) 31 (78)
Lung 1 (33) 0 0 2 (67) 7 (21) 7 (18)
Peritoneum 1 (33) 1 (33) 0 1 (33) 11 (32) 11 (28)
Lymph node 0 2 (67) 0 0 11 (32) 11 (28)
Tumor stage at the start of prior treatment, n (%)
Locally advanced 0 0 0 1(33) 7201 7 (18)
Metastatic 3 (100) 3 (100) 6 (100) 2 (67) 27 (79) 33 (83)
Prior treatment, n (%)
Gemcitabine alone 3 (100) 3 (100) 5 (83) 3 (100) 26 (76) 31 (78)
Gem + Axitinib 0 0 0 0 2 (6) 2(5)
Gem + Erlotinib 0 0 1 (17) 0 6 (18) 7 (18)

evaluated first, and none developed DLT. Since all 3
patients experienced DLT at dose level 4 (grade 4 neu-
tropenia in two patients, grade 3 stomatitis in one patient),
3 additional patients were evaluated at dose level 3. A DLT
(grade 4 neutropenia) was experienced by 2 of the 3
patients in this additional cohort in dose level 3, and dose
level 3 was determined to be the MTD. Based on these
results, the RD was determined to be level 3.

Phase I (efficacy and safety profile in the 40 patients
treated at dose level 3)

In step 2, the RD of FDR-Gem and S-1 was administered to
an additional 34 patients, and a total 40 patients were
treated at dose level 3 to evaluate the objective tumor
response to this combination therapy. As of the date of the
analysis, the protocol treatment had been concluded in 39
of the 40 patients, and a total of 286 courses (median: 5
courses; range 1-31 courses) had been administered at
level 3. The actual mean weekly dose administered were
gemcitabine 545 mg/m*/week (90.8% of planned dosage)

@ Springer

and 90.1% of planned dosage of S-1. Dose reduction was
required in 10 patients because of grade 4 neutropenia (five
patients), grade 3 fatigue (1 patient), grade 2 fatigue with
grade 2 appetite loss (one patient), grade 2 nausea (two
patients) and grade 3 rash (1). The reasons for treatment
discontinuation in phase II were radiological disease pro-
gression (33 patients), clinical disease progression (two
patients), recurrent grade 4 neutropenia despite dose
reduction due to grade 4 neutropenia (two patients), grade
4 myocardial infarction (one patients) and patient request
to return to his distant hometown (one patient). All patients
who discontinued treatment because of adverse events
recovered from the toxicities after discontinuation. Twelve
patients received third-line chemotherapy after discontin-
uation of FGS: S-1 monotherapy in four patients, gemcit-
abine + S-1 combination therapy on another treatment
schedule in three patients, chemoradiotherapy with S-1 in
one patient and new molecularly targeted agents in four
patients who participated in a different clinical trial.
Twenty-two patients received best supportive care, the
other five patients transferred to another hospital, and no
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information is available about their treatment after dis-
continuation of FGS.

Toxicity

All patients in steps 1 and 2 were evaluated for toxicity. In
step 1, grade 3/4 non-hematological toxicity was observed
in two patients (grade 3 fatigue during the third course in
one patient, grade 3 stomatitis during the second course in
one patient). No grade 4 leukocytopenia was observed at
any dose level, but grade 4 neutropenia was observed in
one out of three patients at dose level 1, none of the three
patients at dose level 2, two of the six patients at dose level
3 and all three of the patients at dose level 4. Grade 3
thrombocytopenia was observed in one patient at dose level
2.

Table 4 summarizes the toxicities in the 40 patients who
received the RD (level 3). All 40 eligible patients were
assessable for toxicities, and FGS combination therapy at
the RD was generally well tolerated. The most common

toxicities were leukocytopenia (60%) and neutropenia
(60%), but most of these toxicities were tolerable and
reversible. Grade 4 neutropenia was noted as hematological
toxicity in five patients (13%). Grade 3 non-hematological
toxicities consisted of fatigue (one patient), vomiting (one
patient), rash (one patient) and liver abscess (one patient).
The patient who developed the grade 3 liver abscesses
recovered after appropriate treatment with intravenous
antibiotic alone. One female patient, who had hypercho-
lesterolemia and history of smoking of 30 cigarettes/day,
experienced a grade 4 acute myocardial infarction on day 1
of the third course of treatment, after gemcitabine had been
administered but before the start of oral S-1. Emergency
coronary angiography showed total occlusion of the left
anterior descending coronary artery. The patient recovered
from the cardiogenic shock due to myocardial infarction
after coronary stent implantation and appropriate supportive
treatment. S-1 monotherapy for the pancreatic cancer was
started about 1 month after the infarction. No other severe
or unexpected toxicities were noted in any of the patients.

Table 4 Treatment-related

Grade Grade 1-4 Grade 34

adverse events among the 40

patients who received the n

recommended dosages: highest

grade reported during the 1 2 3 4 n (%) n (%)

treatment period

Hematological toxicities
Leukocytes 11 4 9 0 24 (60) 9 (23)
Neutrophils 10 1 8 5 24 (60) 13 (33)
Hemoglobin 5 11 1 0 17 (43) 1(3)
Platelets 11 2 1 0 14 (35) 1(3)
Non-hematological ©)

toxicities
Aspartate 8 1 0 0 9 (23) 0 (0)
aminotransferase
Alanine aminotransferase 8 3 0 0 11 (28) 0 (0)
Alkaline phosphatase 5 2 0 0 7 (18) 0 (0)
Total bilirubin 3 0 0 0 318 0
Fatigue 15 2 1 0 18 (45) 1 (3)
Nausea 13 4 0 0 17 (43) 0
Vomiting 8 1 1 0 10 (25) 1(3)
Anorexia 19 6 0 0 27 (68) 0 )
Stomatitis 4 0 0 0 4 (10) 00
Alopecia 8 0 — - 8 (20) -
Diarrhea 7 2 0 0 9 (23) 0 ()
Rash 3 4 1 0 8 (20) 1 (3
Hyperpigmentation 9 1 - - 10 (25) -
Hand-foot skin reaction 1 2 0 0 3(8) 00
Watery eye 2 0 0 - 2 (5) 0 (0)
Hoarseness 1 0 0 0 13 0
Infection liver abscess 0 0 1 0 13 1(3)
Myocardial infarction 0 0 0 1 1@(3) 1(3)
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Three patients died within 30 days after the final dose of the
study drug. All 3 of the deaths were attributed to disease
progression, and there were no treatment-related deaths.

Efficacy

It was possible to assess all 40 eligible patients who
received the RD for response. Thirty-four patients had died
by the completion of the follow-up period. There were no
complete responses, but a partial response was achieved in
seven patients (18, 95% confidence interval, 7.3-32.8%).
Stable disease was noted in 19 patients (48%) and pro-
gressive disease in 14 patients (35%). Tumor responses to
second-line FGS therapy are classified according to the
tumor responses to first-line gemcitabine in Table 5. Three
of 10 patients whose best response was progression disease
in first-line chemotherapy achieved partial response in FGS
therapy. The median progression-free survival time was
2.8 months. The median overall survival time after the start
of second-line therapy was 7.0 months (range 1.3-18.94),

Table 5 Objective tumor response

Response (2nd line) n (%) Response (st line)

PR SD PD
PR 7 (18) 1 3 3
SD 19 (48) 3 12
PD 14 (35) 2 9 3
Total 40 (100) 6 24 10

Response rate: 18% (95% CI: 7.3-32.8)
RECIST criteria

Median OS (after second-line chemotherapy): 7.0 months

»»»»» Median PFS: 2.8 months
i
8
G
4
2
0

Months

Fig. 1 Survival curves. Survival (z = 40). Progression-free survival
(dashed line) and overall survival time (solid line) curves of patients
with gemcitabine-refractory pancreatic cancer receiving systemic
chemotherapy with FGS

@ Springer

and the 1-year survival rate was 18% (Fig. 1). The median
overall survival time after the start of first-line therapy was
13.9 months (range 5.2-31.4).

Discussion

In the last decade, several clinical trials (mainly phase II)
have been conducted in patients with advanced pancreatic
cancer after failure of first-line gemcitabine or a gemcita-
bine-based combination regimen. The results of a ran-
domized trial (n = 168) comparing fluorouracil and folinic
acid versus oxaliplatin, fluorouracil and folinic acid (OFF)
indicated that OFF improved progression-free survival and
overall survival as a second-line chemotherapy. The med-
ian progression-free survival time and median survival
time of OFF were 3 and 6 months, respectively [22]. In the
present study, FGS yielded a median progression-free
survival time of 2.8 months and a median overall survival
time of 7.0 months, similar to the data mentioned above.
Furthermore, the response rate of 18% in the present study
was above the pre-established boundary (objective
response in five or more of the 40 patients) required for the
regimen to be considered effective. However, the gap
between the median overall survival time and the median
progression-free survival time in the present study was
relatively large. Although the reason for this gap is
unknown, a bias arising from the selection of patients with
a good general condition or with a small tumor burden may
explain these findings.

Whether gemcitabine as an FDR infusion is active even
after progression during treatment with the standard
30-min administration of gemcitabine was the critical
clinical question examined in this study. Differentiating
between the relative roles of gemcitabine and S-1 in
overcoming tumor resistance is difficult. The efficacy and
survival data obtained in the present study seem to be better
than those of previous studies for oral fluoropyrimidine
monotherapy as a salvage chemotherapy for advanced
pancreatic carcinoma (Table 6) [1, 2, 17, 28, 29]. However,
since all the data were obtained in single-arm studies, a
randomized study is needed to make these suggestions
reliable. Furthermore, whether the combined regimen in
the present study is superior to other regimens, such as the
OFF regimen, remains an essential clinical question.

Safety and convenience as well as antitumor efficacy are
critically important issues with regard to second-line che-
motherapy. One patient experienced an acute myocardial
infarction. Although she had other risk factors, such as a
smoking habit and hyperlipidemia, a relation between
gemcitabine and the acute myocardial infarction cannot be
ruled out because gemcitabine had been administered on
the day of the infarction. The toxicity profile of FGS
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Table 6 Comparison between the current study and previous studies of oral fluoropyrimidine monotherapy as salvage chemotherapy for

advanced pancreatic carcinoma

Study References Phase Regimen n PR + CR (%) Median PFS Median OS
(months) (months)
Morizane et al. [12] I S-1 40 15 2.0 4.5
Abbruzzese et al. [29] 11 S-1 45 0 1.4 3.1
Sudo et al. [31] I S-1 21 9.5 4.1 6.3
Todaka et al. [32] Retrospective S-1 52 4 2.1 5.8
Boeck et al. [30] I Capecitabine 39 0 2.3 7.6
Morizane et al. Current study 11 FGS 40 18 2.8 7.0

therapy in the other patients was acceptable, and the most
common grade 1-4 adverse reactions were anorexia (68%),
leukocytopenia (60%) and neutropenia (60%), although
most episodes were tolerable and reversible. The safety
profile in this study suggests that FGS can be safely
administered to pancreatic cancer patients even in a sec-
ond-line setting, at least in select populations. The
biweekly schedule allows enough time to recover from
myelosuppression and non-hematological toxicities before
the following cycle, enabling patients to receive treatment
as scheduled. Actually, the relative dose intensities of
gemcitabine and S-1 in our study were high (90.8 and
90.1%, respectively). Furthermore, because of the biweekly
schedule, patients do not need to come to the hospital for
treatment as often compared with the first-line standard
schedule of gemcitabine therapy. Our new treatment
schedule may therefore improve the patients’ quality of life
during anticancer treatment.

We concluded that combination therapy consisting of
gemcitabine as a fixed dose rate infusion and S-1 (FGS)
provided a promising antitumor activity and tolerable
toxicity in patients with gemcitabine-refractory metastatic
pancreatic cancer. A larger randomized controlled trial is
needed to confirm the clinical benefits of FGS following
gemcitabine failure.
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Abstract

Purpose To evaluate the efficacy and safety of the combi-
nation of gemcitabine (GEM) and S-1 (GS) in comparison
to GEM alone (G) for unresectable pancreatic cancer.
Methods In this multicenter randomized phase II study,
we randomly assigned unresectable pancreatic cancer
patients to either the GS group or the G group. The GS
group regimen consists of intravenous 1,000 mg/m* GEM
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during 30 min on days 1 and 8, combined with 80 mg/m?
oral S-1 twice daily on days 1-14, repeated every 3 weeks.
On the other hand, the G group regimen consists of intrave-
nous 1,000 mg/m?> GEM on days 1, 8, and 15, repeated
every 4 weeks. The primary endpoint was objective
response rate (ORR). Secondary end points included treat-
ment toxicity, clinical response benefit, progression-free
survival (PFS), and overall survival.

Y. Kimura

Department of Surgical Oncology and Gastroenterological
Surgery, Sapporo Medical University School of Medicine,
South-1, West-16, Chuo-ku, Sapporo, Hokkaido 060-8543, Japan

1. Maetani

Division of Gastroenterology, Department of Internal Medicine,
Toho University Ohashi Medical Center, 2-17-6 Ohashi,
Meguro, Tokyo 153-8515, Japan

Y. Okabe

Division of Gastroenterology, Department of Medicine,
School of Medicine, Kurume University, 67 Asahi-machi,
Kurume, Fukuoka 830-0011, Japan

M. Tani

Second Department of Surgery, School of Medicine,
Wakayama Medical University, 811-1 Kimiidera,
Wakayama 641-8510, Japan

T. Ikeda
Department of Gastroenterology, Yokosuka Kyosai Hospital,
1-16 Yonegahamadori, Yokosuka, Kanagawa 238-8558, Japan

S. Hijioka
Department of Gastroenterology, Kumamoto Red Cross Hospital,
2-1-1, Nagamine-minami, Kumamoto 861-8520, Japan

R. Watanabe
Department of Surgery, Matsuyama Shimin Hospital,

@ Springer



1198

Cancer Chemother Pharmacol (2012) 69:1197-1204

Results We registered 117 patients from 16 institutions
between June 2007 and August, 2010. The ORR of the GS
group was 28.3%, whereas that of the G group was 6.8%.
This difference was statistically significant (P = 0.005). The
disease control rate was 64.2% in the GS group and 44.1%
in the G group. Median PFS was 6.15 months in the GS
group and 3.78 month in the G group. This was also statisti-
cally significant (P = 0.0007). Moreover, the median over-
all survival (OS) of the GS group was significantly longer
than that of the G group (13.7 months vs. 8.0 months;
P =0.035). The major grade 3—4 adverse events were neu-
tropenia (54.7% in the GS group and 22.0% in the G
group), thrombocytopenia (15.1% in the GS group and
5.1% in the G group), and skin rash (9.4% in the GS group).
Conclusions The GS group showed stronger anticancer
activity than the G group, suggesting the need for a large
randomized phase III study to confirm GS advantages in a
specific subset.

Keywords Unresectable pancreatic cancer -
Chemotherapy - Gemcitabine - S-1 - Gemcitabine+S-1

Introduction

Pancreatic cancer (PC) currently is the fifth leading cause
of cancer-related mortality in Japan, with an estimated
25,960 deaths attributable to the disease in 2010 [1].
Although surgical complete removal of the tumor is the
only chance of cure, almost all PC patients are diagnosed at
an advanced unresectable stage, despite recent improve-
ments in diagnostic techniques. Moreover, since PC recurs
in about 20% of patients even after surgical resection,
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development of effective chemotherapy is essential to
improve the prognosis of this disease.

Gemcitabine (Gem) is widely used as a standard sys-
temic chemotherapeutic agent for advanced PC [2].
Although some combination therapies including Gem have
shown survival benefit, these are not considered as standard
regimens [3, 4]. S-1 is a fourth generation oral fluoropyrim-
idine, which contains tegafur/gimeracil/oteracil potassium
at a molar ratio of 1.0:0.4:1.0. The efficacy of S-1 has
already been shown in a variety of solid tumors, particu-
larly gastric cancer [5, 6]. A phase II trial of S-1 alone for
PC metastatic to other organ has shown a response rate of
37.5% and a median survival of 9.2 months [7, §]. More-
over, non-randomized phase II trials of a combination of
Gem and S-1 (GS) therapy have demonstrated excellent
results as to ORR of 44-48% and median survival of
10-12 months [9-13].

The current study (PC-01) was a randomized phase II trial
to clarify the effectiveness of GS, prior to an anticipated phase
II trial comparing GS with Gem alone, because there are
many chemotherapy regimens that did not prove survival ben-
efit despite the fact that one-arm phase II studies showed
extremely promising results. Consequently, we, investigators
of the Japan Clinical Cancer Research Organization (JAC-
CRO), considered the current study (PC-01) could accurately
elucidate the true activity of GS, because selection bias fre-
quently seen in one-arm trials may be minimized by prospec-
tive randomization studies.

Patients and methods
Patients

The eligibility criteria for enrollment into this study (March
2007—-August 2010) were patients with histologically or cyto-
logically proven pancreatic adenocarcinoma, patients with
International Union Against Cancer clinical stage III (locally
advanced disease: T4NO-1 and MO) or IV (metastatic disease:
T1-4NO-1 and M1), patients with measurable lesions as defi-
ned in the Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.0 guidelines, age >20 and <80, no prior
anticancer treatment for any malignancies, an Eastern Cooper-
ative Oncology Group performance status (PS) <2, adequate
bone marrow (leukocyte count >4,000/mm?>, neutrophil
>2,000/mm?, platelet count >100,000/mm?, and hemoglobin
>8.0 g/dl), adequate renal function (serum creatinine concen-
tration <1.5 mg/dl and creatinine clearance >60 ml/min), ade-
quate hepatic function (serum bilirubin level <2.0 mg/dl,
serum alanine and aspartate transaminase levels <2.5 times the
upper limit of the institutional normal; if biliary drainage was
performed for jaundice before registration, the former
<5 times the upper limit of the institutional normal and the
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latter <2.5 times the upper limit of the institutional normal),
oxygen saturation >93%, adequate nourishment, no serious
complications, life expectancy of at least 8§ weeks, and provi-
sion of written informed consent from the patient.

Before randomization, a complete history was obtained
and physical examination, routine hematology and bio-
chemistry, ECG, chest X-ray, and abdominal computed
tomography (CT) scan were performed.

Study design

PC-01 was an open-label, screening design, randomized
phase II study. The primary end point was ORR. Secondary
end points included treatment toxicity, clinical response
benefit, PFS, and OS.

Patients were randomly assigned to the G group or the
GS group in a 1:1 ratio. Random assignment was per-
formed centrally by a web-based assistant system (flexible
license assisted data server, JACCRO, Tokyo), using a
computer-driven minimization procedure. Stratification
factors were stage (III vs. IV), PS (0 or 1 vs. 2), and pain
due to cancer (present vs. absent).

This study protocol was approved by the Protocol
Review Committee of the JACCRO and Institutional
Review Board of each institution, ClinicalTrials.gov identi-
fier number was NCT00514163.

Protocol treatment

Eligible patients were randomly assigned to either the G
group or the GS group. The G group patients received
1,000 mg/m? Gem intravenously during 30 min on days 1,
8, and 15, as 1 course repeated every 4 weeks. Patients with
grade 4 hematological toxicities or grade 3 non-hematolog-
ical toxicities underwent dose reduction to 800 mg/m? in
the next course. The GS group patients received 1,000 mg/m?
Gem intravenously during 30 min on days 1 and 8, and
40 mg/m? S-1 taken orally twice daily on days 1-14, every
3 weeks. When patients developed grade 4 hematological
toxicities or grade 3 non-hematological toxicities by day 8,
treatment was delayed by 1 week, and the S-1 dose was
reduced to 60 mg/m2 in the next course. In neither arms,
prophylactic granulocyte-colony stimulating factor support
allowed. Treatment was continued until progression, unac-
ceptable toxicity, or patient refusal to continue the protocol
treatment. The discontinuation of the protocol treatment for
the reasons mentioned above was defined as protocol
cessation.

Response and toxicity assessment

Toxicities were evaluated at each patient visit, according to the
Common Terminology Criteria for Adverse Events version

3.0. CT or magnetic resonance imaging scans were performed
at the baseline and after every 4 weeks to assess radiological
response according to the RECIST version 1.0. Radiological
tumor shrinkage of the primary tumor of the pancreas was
assessed for all patients in the current study. ORR and DCR
were set at the frequency of complete response plus partial
response, in addition to stable disease among patients in each
arm, respectively.

Clinical response benefit was assessed using daily anal-
gesic consumption (measured in oral morphine-equivalent
milligrams). Among patients who required opioid before
the protocol treatment, patients whose opioid administra-
tion decreased to better than haif of the baseline by day 1 of
course 3 (8 weeks later in the G group and 6 weeks later in
the GS group) were defined to be responders.

Statistical considerations

The primary endpoint was ORR. A sample size of 49 was
required for a one-sided alpha value of 0.05 and a beta value of
0.20 with an expected response rate of 30% in the GS group
and a threshold response rate of 10% in the G group. The pro-
tocol was activated in June 2007, and a total of 110 patients
were planned for recruitment accounting for some drop-off

Table 1 Patient characteristics

Characteristics G group GS group P value
(n=159) (n=53)
n n
Gender
Male 35 32 1.00
Female 24 21
Age
<65 31 28 1.00
>65 28 25
ECOG PS
0 45 44 0.66
lor2 14 9
Locally advanced 18 13 0.53
Metastatic 41 40
Metastatic sites
Liver 30 28 0.85
Lymph node 10 6 0.43
Peritoneum 7 12 0.14
Lung 3 8 0.11
Ascites and/or pleural effusion
Present 4 7 0.34
Absent 55 46
Pain
Present 20 17 1.00
Absent 39 36
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Fig. 1 Trial profile

cases within 1 year. If the null hypothesis (response rate) was
not attained, the subsequent phase III trial would be designed
to confirm the superiority of GS therapy to Gem alone.

The frequencies of each characteristic in Table | and
each ORR and DCR in Table 3 were analyzed by the chi-
square test.

OS was determined as the time from the date of registration
to the date of death due to any cause and was censored at the
date of the last follow-up for surviving patients. PFS was mea-
sured from the date of registration to the date of the first evi-
dence of radiological or clinical progression, or death due to
any cause and was censored at the date of the last follow-up
CT for surviving patients with no clinical progression. OS and
PFS were estimated by the Kaplan-Meier method, and the
confidence interval (CI) was calculated with the Greenwood
formula. Comparison of survival probability was conducted by
the log-rank test. P values of less than 0.05 were considered to
indicate statistically significant differences in the current study.
The analysis was carried out with the SAS 9.2 statistical soft-
ware (SAS Institute, Cary, NC, USA).

Results

Because of the poor recruitment rate, the protocol was
amended twice, in January 2008 and February 2009, and a
total of 117 patients were enrolled by August 2010 from 16
hospitals (see “Appendix”). One patient was judged to be
ineligible after registration, because the final pathological
diagnosis was not cancer. Accordingly, a total of 116 were
allocated into either the G group (N =59) or the GS group
(N=157) from among the intent-to-treat (ITT) population.
Of the 116 patients, 4 in the GS group received supportive
care instead of protocol treatment because of early deterio-
ration or patient refusal. The full analysis set (FAS) con-
sisted of 112, i.e., 59 and 53 patients in the G group and the
GS group, respectively (Fig. 1).

@ Springer

Patient data registration was closed in June 2011,
10 months after the last patient registration. At the time of
analysis, protocol treatment had been continued in 1 of 53
patients in the GS group. All analyses in comparison
between the G group and the GS group were done in the
FAS population, except OS.

Patient characteristics

Patient characteristics are shown in Table 1. The median
age in the G group was 64 (41-79) years old, and that in
the GS group was also 64 (45-77) years old. Although
the protocol allowed enrollment of patients with PS 2,
almost all patients were in good general condition (PS
0:1:2 was 79%:18%:3%, respectively). Metastatic dis-
ease was found in 72% of the patients. Analgesics
(including opioids) were used in 33% (19%) of the
patients at the baseline.

Toxicity

The major grade 3—4 adverse events are shown in Table 2.
Although the frequency of grade 3—4 adverse events in the
GS group was higher than that in the G group regarding
both hematological and non-hematological toxicities, the
toxicities were predictable and manageable. Discontinua-
tion of the protocol treatment due to toxicity was seen in 13
(22%) of 59 protocol-cessation patients in the G group, and
14 (27%) of 52 protocol-cessation patients in the GS group.
Treatment-related death was reported in 1 patient in each
arm.

Clinical response benefit

At baseline, 12 and 10 patients required opioids in the G
group and the GS group, respectively. There were 0
responders to opioids of 12 in the G group, and 2 of 10 in
the GS group.

Objective response

Radiological responses are shown in Table 3. There was
no complete response. The ORR in the GS group
(28.3%) was significantly higher than that in the G group
(6.8%), and the null hypothesis was rejected (two-sided
P =0.005). Also the DCR in the GS group was signifi-
cantly higher.

In 31 patients with locally advanced disease, partial
response was demonstrated in 1 (5.6%) of 18 patients in the
G group, and 3 (23%) of 13 patients in the GS group. In the
remaining 81 patients with metastatic disease, partial
response was seen in 3 (7.3%) of 41 patients in the G group,
and 12 (30%) of 40 patients in the GS group.
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Table 2 Summary of maximum toxicity grades
Event G group (n = 59) GS group (n=53)

Grade 3 (%) Grade 4 (%) Grade 3/4 (%) Grade 3 (%) Grade 4 (%) Grade 3/4 (%)
Hematological
WBC 5.1 0 5.1 20.8 5.7 26.4
Hemoglobin 5.1 0 5.1 7.5 0 7.5
Neutrophil 20.3 1.7 22.0 41.5 13.2 54.7
Platelet 34 1.7 5.1 7.5 7.5 15.1
Non-hematological
Fatigue 5.1 1.7 6.8 3.8 0 3.8
Anorexia 5.1 0 5.1 3.8 0 3.8
Nausea 1.7 0 1.7 38 0 3.8
Diarrhea 0 0 0 3.8 0 3.8
Stomatitis 0 0 0 3.8 0 3.8
Skin rash 0 0 0 7.5 1.9 94
AST 3.4 0 34 1.9 0 1.9
ALT 6.8 0 6.8 3.8 0 3.8
ALP 6.8 0 6.8 3.8 0 3.8
Bilirubin 6.8 0 6.8 19 0 1.9
Albumin 0 0 0 1.9 0 1.9
C-reactive protein 0 0 0 1.9 0 1.9
Treatment-related death 1.7 1.9
Progression-free survival 100 -
PFS curves are shown in Fig. 2. Discontinuation of the g 80~
protocol treatment due to progression was seen in 34 (58%) 2
of 59 protocol-cessation patients in the G group, and 20 % 60
(38%) of 52 protocol-cessation patients in the GS group. "g
The median progression survival time in the GS group 3 40+
(6.15 months) was significantly longer than that in the G é
group (3.78 months, P = 0.0007). 2 204
Post-study treatment 0 R e e R S e L

0 6 12 18 24 30 36

After discontinuation of the protocol treatment, 37 (67%) of
55 patients in the G group and 23 (44%) of 52 patients in
the GS group received various second-line treatments, most
of which consisted of Gem or S-1 or both.

Overall survival in the ITT population

OS curves in the G group (N = 59) and the GS group (N = 57)
are shown in Fig. 3. The GS group included 4 patients who
deteriorated early or refused before protocol treatment, and
subsequently received best supportive care without any anti-
cancer treatment. The median survival time and 1-year survival
probability in the G group and the GS group were 8.0 months
and 29.0%, and 13.7 months and 55.9%, respectively. OS was

Months from registration

Number at risk
G group 59
GS group 53

21

27 12 4 4

Fig. 2 Kaplan—-Meier estimates of progression-free survival (n = 112)

significantly better in the GS group (P = 0.035), and its hazard
ratio was 0.63 (95%, 0.41-0.97).

OS curves in the relation to extent of original disease are
shown in Figs. 4 and 5. The median survival time in locally
advanced and metastatic disease in the G group and the GS
group were 8.7 and 7.7 months, and 14.6 and 12.9 months,
respectively. OS in metastatic disease was significantly
better in the GS group (P = 0.029).
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Table 3 Objective response

Total (n=112) G group GS group P value
(n=59) (n=153)
n (%) n (%)
Complete response 0 0 -
Partial response 4(6.8) 15 (28.3)
Stable disease 22 (37.3) 19 (35.9)
Progressive disease 23 (39.0) 7(13.2)
Not evaluable 10 (17.0) 12 (22.6)
Objective response rate (%) 6.8 28.3 0.005
(95% CI) (2.7-16.2) (18.0-41.6)
Disease control rate (%) 44.1 64.2 0.039
(95% CI) (32.2-56.7)  (50.7-75.7)
Locally advanced G group GS group P value
(n=731) (n=18) (n=13)
n (%) n (%)
Complete response 0 0 -
Partial response 1(5.6) 3(23.1)
Stable disease 7(38.9) 5(38.5)
Progressive disease 5(27.8) 0
Not evaluable 5(27.8) 5(38.5)
Objective response 5.6 23.1 0.284
rate (%)
(95% CI) (1.0-25.8) (8.2-50.3)
Disease control 44 .4 61.5 0473
rate (%)
(95% CI) (24.6-66.3) (35.5-82.3)
Metastatic G group GS group P value
(n=281) (n=41) (n=40)
n (%) n (%)
Complete response 0 0 -
Partial response 3(7.3) 12 (30.0)
Stable disease 15 (36.6) 14 (35.0)
Progressive disease 18 (43.9) 7(17.5)
Not evaluable 5(12.2) 7(17.5)
Objective response 7.3 30 0.011
rate (%)
(95% CI) (2.5-19.4) (18.1-45.4)
Disease control 43.9 65 0.075
rate (%)
(95% CI) (29.9-59.0) (49.5-77.9)
Discussion

We set out to determine whether a combination of S-1 plus
GS would obtain better results than GEM alone in a phase
II study of unresectable pancreatic cancer.
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Fig. 3 Kaplan-Meier estimates of overall survival (n = 116)
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Fig. 4 Kaplan-Meier estimates of overall survival in locally advanced
(n=32)

The current PC-01 study, which was intended to screen
GS as a promising investigation for a phase III trial com-
paring to standard Gem alone, successfully met this pri-
mary endpoint. Although the response rate obtained in the
current study was lower than that in the previous one-arm
phase II trials, the anticancer activity of GS was confirmed
to be stronger than Gem alone [9-13]. Favorable results of
GS as to PFS and OS data also encouraged us to plan a
large phase III study comparing GS to standard Gem alone.
However, results of large randomized phase III study of GS
and Gem alone, known as the GEST trial, which was
started by another Japanese cooperative group after our PC-
01, were reported at the latest annual meeting of American
Society of Clinical Oncology 2011 [14]. This large-scale
(N=600) GEST did not show OS superiority of GS
compared to Gem alone. In terms of the survival benefit,
this study seems to contradict the present PC-01 study.
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Fig. 5 Kaplan—-Meier estimates of overall survival in Metastatic
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Fluoropyrimidine and its derivatives have been intensively
examined in combination with Gem for PC [15, [6]. All of
those combinations have failed to show OS superiority
compared to Gem alone in phase III settings, whereas rela-
tively favorable results were generally reported in terms of
response rate and survival. Accordingly, it may be impor-
tant to explore a specific population in whom benefit would
be maximized by GS therapy, though it may be difficult to
develop Gem and fluoropyrimidine combination as a con-
ventional frontline regimen for standard risk cases with
advanced PC.

The main limitation of the PC-01 study derived from its
inclusion of a relatively large number of patients who were
found to be non-evaluable, mainly due to either the deterio-
ration of the disease or patient refusal, which might well
have affected the outcome of local response. On the other
hand, randomized comparison of GS and Gem alone was
one of the strengths of the current study. The ORR of GS in
a previous non-randomized phase II study was extremely
high, around 40%, perhaps due to selection bias [9-13].
However, in actual practice, since the response rate is usu-
ally below 30%, the PC-01 demonstrated a response rate
acceptable to medical oncologists. Although PC-01 was not
a phase 11T trial designed to confirm survival benefit, the OS
and PFS data in the ITT population were impressive. The
GS group showed a significant survival advantage against
Gem group, even though the GS group included 3 cases of
early deterioration. In the subset analysis, there was some
discrepancy for the favorable population for GS between
the current PC-01 and the GEST study. For example, GS
was favorable in metastatic disease in PC-01; on the other
hand, it was favorable in locally advanced disease in the
GEST. GEMSAP, another Japanese study group, also
carried out a randomized phase II trial of GEM and GS

comparison and reported GS superiority to GEM in PFS in
ASCO2011 [17].

Further accumulation of GEM and GS data might
warrant an integrated meta-analysis to identify the popula-
tion most likely to benefit from GS. Subsequently, a large
randomized phase III trial to confirm GS advantages in a
specific patients subset may be justified.

In conclusion, PC-01 demonstrated that GS had strong
anticancer activity, and we believe that GS in some situa-
tions would be beneficial to give advanced PC patients.
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The following investigators registered patients for this
study:

Hiroshi Ishii (Cancer Institute Hospital, Tokyo, Japan);
Yuji Matsumura (Juntendo University School of Medicine,
2-1-1 Tokyo, Japan); Naoto Egawa, Yasushi Omuro
(Tokyo Metropolitan Cancer and Infectious Diseases
Center Komagome Hospital, Tokyo, Japan); Atsushi
Sofuni, Fumihide Itokawa (Tokyo Medical University
Hospital, 6-7-1, Nishi-Shinjuku, Tokyo, Japan); Hisatsugu
Mouri (Kanazawa University,13-1, Ishikawa, Japan); Keiji
Hanada, Tomohiro Iiboshi (JA Onomichi General Hospital,
Hiroshima, Japan); Yasutoshi Kimura (Sapporo Medical
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